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(54) Preventing Damaging Electric 
Fields, e.g. in SAW Devices 

(57) In devices comprising closely 
spaced metallised regions deposited 
upon a dielectric substrate. In 
particular acoustic wave devices, 
electric fields may arise between the 



regions due to pyroelectric effects or 
acquired static charges during 
production or subsequently. These 
fields can cause damage by arcing or 
cracking of the substrate. This 
problem Is overcome by the provision 
of resistive links between such regions 
so that the fields do not arise. 
Preferably the links are of metallising 
formed simultaneously with the 
metallised regions. Application to a 
SAW convolver is described In which 
the links are strips of metallising (7, 8, 
9). 
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SPECIFICATION 

Improvements in or Relating to Methods of 
Producing Devices Comprising Metallised 
Regions on Dielectric Substrates 

5 This invention relates to methods of producing 
devices having metallised regions on dielectric 
substrates, particularly but not exclusively 
acoustic wave (AW) devices, Including surface 
acoustic wave (SAW) devices, and in particular to 

1 0 the prevention of damage to such devices. 
AW devices are known in which a slice of 
dielectric material has formed on Its surface a 
number of metal If sed regions which form the 
elements of the device. The elements interact 

1 5 with the acoustic waves both to modify the wave 
and to provide Input and output transducers. 
Devices of this type are described, for example, in 
'SAW Passive Interdigftal Devices', editor D. P. 
Morgan, I EE Reprint Series 2 1976 and 'Acoustic 

20 Surface Waveguides — Analysis and Assessment' 
by P. E. Leagasse et al, IEEE Transactions MTT — 
2 1 No 4 April 1 973 at page 225 et seq. In most 
such devices the material employed as the 
substrate is piezoelectric and is normally an 

25 electrical insulator wtth very high resistivity. On 
non-piezoelectric materials, SAW devices may be 
produced In other ways, eg by first depositing a 
piezoelectric film of such substances as ZnO or 
AIN in some AW devices metallised regions may 

30 be formed directly on non-piezoelectric dielectric 
materials, eg on glass. It is often desirable to use 
substrate materials that have a high efficiency; 
that is, a good conversion efficiency between 
electrical and acoustic energy and a low 

35 propagation loss in the acoustic medium, it is 
often the case that materials displaying these 
properties are also pyroelectric 

A disadvantage of manufacturing AW devices 
on pyroelectric substrates Is that during the 

40 manufacturing process the substrate Is changed 
In temperature, as a result of the steps of 
manufacturing process, which leads to a 
separation of charge in the substrate. The areas of 
metallisation which form the individual elements 

45 tend to take up a voltage related to the total 
charge In the underlying substrate. However, 
because of the high substrate resistivity the 
charge stored is unable to leak away quickly and 
hence the charge may attempt to neutralise Itself 

50 by an arc discharge between adjacent metallised 
regions of the device. The field produced by the 
charge may also damage the substrate 
mechanically, even If arcing does not occur. 
Electron microscopy has shown that the field can 

55 cause cracking and rupture of the substrate at the 
edge of the metallisation, and that arcing can 
damage the metallisation and possibly the 
substrate. Damage of this type causes an 
interruption of the acoustic wave or the wave to 

GO be modified in an undesirable way, leading to 
device failure or performance degradation. 

It is believed that similar effects can arise with 
other substrates made of any dielectric material, 
due to static charges arising in the manufacturing 



65 process or in use or In storage. It Is particularly 
likely that these deleterious effects can arise In 
other dielectric substrates which are piezoelectric 
without necessarily being pyroelectric, since in 
such materials electric fields produce mechanical 

70 stresa or strain. (Pyroelectric materials are 

normally also piezoelectric.) However, damaging 
effects may also arise with non-piezoelectric 
substrates. 

It Is an object of the present invention to 

75 overcome or at least substantially reduce these 
problems by preventing the establishment of 
damaging electric fields between the metallised 
regions. 

According to the present invention a method of 

80 producing a device comprising a dielectric 

substrate and metallised regions superimposed 
upon the substrate constituting elements of the 
device, comprises forming at least one resistive 
link Joining at least two otherwise mutually 
85 insulated metallised regions, said link being 

inessential to the function of the device but being 
effective to prevent the establishment of a 
damaging electric field between adjacent 
metallised regions. Usually the two metallised 
90 regions thereby joined are adjacent one another. 
Preferably the resistive links ere strips of 
metallising and preferably are formed at the same 
time as the metallised regions. 

The substrate may be piezoelectric or 
95 pyroelectric or both, and the said charge 
separation may be a result of the said 
piezoelectric or pyroelectric properties* The device 
may be an AW device, suitably a SAW device. 
The charge separation effected within the 

1 00 substrate causes the metallised regions to take up 
a voltage related to the charge below the regions. 
In many AW devices the gaps between the 
metallised regions are very small; in the case of 
radiofrequency AW devices the gaps are of the 

106 order of 1 0 pm and may be less than 1 pm. A 
resistive link of suitable value between the 
metallised regions ensures that the regions are 
maintained at substantially the same electrical 
potential and so ensures that the field or voltage 

1 10 gradient necessary for arcing, cracking or rupture 
does not exist. 

Preferably all the metallised regions which 
constitute the elements or part-elements of the 
device are interconnected by resistive links. 

115 AW devices often employ Interdigftal Input and 
output transducers which consist of two 
metallised regions. In accordance with the 
invention the two regions may be connected by a 
resistive link in order to prevent the above effects. 

1 20 Also, interconnection of the input and output 
elements via the present links will normally 
involve soma resistive coupling between the Input 
and output of the device. It is necessary to ensure 
that the values chosen for the resistive links are 

125 such that the operation of the device Is not 
substantially Impaired. 

A preferred method of producing the 
metallised regions and the resistive links Is by the 
well known technique of photolithography; 
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however other methods such as evaporation 
through a mask may be employed. 

In one application of the Invention to a known 
form of SAW convolver in which the elements of 
5 the device comprise a pair of Input interdlghel 
transducers, a pair of horns which receive and 
focus the respective transducer outputs, and an 
acoustic waveguide whose opposite ends receive 
the respective horn outputs, resistive links In 
1 0 accordance with the present Invention are formed 
at least between the horns and the waveguide 
and preferably also between each horn and its 
adjacent input transducer and between the two 
sets of digits of each input transducer. The latter 
1 5 arrangement ensures that at all times during the 
manufacturing process the metallised regions of 
the substrate are maintained at a substantially 
uniform potential and enables the invention to be 
adopted without adding any new steps In the 
20 manufacturing process. The cost of adopting the 
Invention Is therefore very small. 

The problem of thermal changes, causing 
charge separation, is most apparent during the 
manufacturing process; however it may still be a 
25 probvem if the device suffers changes In 
tern peratu re during Its operation. It may be 
observed that. If the device In use is to operate 
under substantially constant temperature 
conditions, the resistive links become superfluous 
30 after manufacture and could in principle be 
removed or interrupted. However, this is not 
recommended unless a suitable eletrical path is 
first established via external circuits, because 
otherwise fields due to static charges may arise 
35 subsequently. The external path will usually be 
resistive, but one of sufficient capacitance may 
also be effective. 

The value of the resistance of the resistive links 
is chosen as a compromise between a low value 
40 which would involve significant loss of signal or 
large coupling between Input and output 
elements and very high values which would not 
enable the charge to leak quickly enough to 
prevent damaging fields arising. There is a 
45 practical limitation on making large-value 

resistive links In that they require very narrow or 
very long links which are difficult to make and to 
accommodate on the substrate. 

The time-constant (t) of the thermal cycles 
50 affecting the substrate are of the order of seconds 
and the stray capacitance (C) of the adjoining 
elements is of the order of picofarads. Applying 
the well-known relationship that for adequate 
damping of such therally-produced transients 
5 6 t»RC, resistance (R) values of less than 1 0" 
ohms are indicated If the value chosen is too low, 
significant electrical coupling between the 
metallised regions occurs causing loss of signal or 
degrading performance. These effects are 
60 mitigated by choosing the highest value of 

resistance, consistent with the t»RC limitation, 
that can be practically produced. In the preferred 
method of construction, photolithography, the 
limitation is the length and width of the strip and 
65 in the particular embodiment to be described the 



maximum resistance employed is 1000 ohms. 

in many SAW devices the input transducer if 
fed from a 50 or 75 ohm cable. It is therefore 
advisable to ensure that the resistive links are of a 
70 value well In excess of these figures so that 
significant power loss is avoided. 

The metallised regions and strips may as 
conventionally consist of aluminium or preferably 
aluminium with a chromium underiayer, which 
75 has the effect of improving adhesion of the f 
aluminium to the substrate. The metallised 
regions end strips may however be made of other 
metals well known in the art for such purposes, ■ 
such as gold. 
80 Instead of the resistive links being discrete 
strips of metallising, they may be constituted by a 
substantially uniform relatively high-resistance 
coating extending between the elements of the 
device. This coating may be metallising deposited 
85 substantially uniformly over the substrate before 
the metallising which forms the elements, and 
may be a coating which serves to Improve the 
adhesion of the tatter. 

The present invention further provides a device 
90 as aforesaid when made by a method as 
aforesaid. 

The invention will now further be described by 
way of example only with reference to the 
accompanying schematic diagram, which is a 
95 diagrammatic plan view of a SAW convolver 
embodying the present invention. The drawing 
shows a form of SAW convolver of a type 
described in Wideband UNbO, Electronic 
Convolver with Parabolic Horns' by R. A. Becker 

100 and D. H. Hurlburt, Proceedings of 1977 IEEE 
Ultrasonics Symposium (Catalogue No 
79CH 1 482 — 9SU) at page 729 et seq r with the 
adoption of resistive links between elements 
thereof in accordance with the present invention. 

1 05 Referring to the drawing, the device comprises 
a substrate 1 with piezoelectric and pyroelectric 
properties. The substrate is made of a single 
crystal of lithium niobate (LiNbO,) cut so that the 
axis of the device, along which the surface 

110 acoustic waves travel, is along the Z direction of 
the crystal in the Y plane. The substrate is cut so 
as to leave non-prallel edges In order that any 
reflection of acoustic waves is unlikely to interfere 
with the waves that the elements are acting upon. 

115 The crystal has superimposed upon Its top 
surface a pair of interdlgrtal input transducers 2 , 
for launching acoustic waves In the directions A? 
and B respectively. The transducers are formed as 
metallised regions on the substrate. The acoustic 

120 waves are focused by the horns 4 shown 
schematically In the figure, also formed as 
metallised regions on the substrate. Concentrated 
beams of acoustic energy are launched across the 
gaps 5 Into the acoustic waveguide 6, also 

125 formed as a metallised region on the substrate. 
The counter-propagating beams interact in a non- 
linear fashion in the waveguide forming a 
convolution signal. The input transducers, the 
horns and the acoustic waveguide constitute the 

130 elements of the device. The edges of the 
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substrate at the rear of both the Input transducers 
2 are coated with an acoustic absorbent material 
in order to reduce the back-scatter of acoustic 
energy from the edge of the crystal. 
5 The convolver waveguide 6 consfete of a 
metallised region typically three acoustic 
wavelengths wide and of a length determined by 
the duration of the wavetrains to be convolved. 
The width is a compromise with respect to 

1 o convolution efficiency, multlmodlng effects and 
dispersion of the principal mode. The convolver 
output 1 0 is taken from the convolver waveguide 
6. In order to reduce resistive losses and optimise 
uniformity In the output the waveguide Is 'stitch- 

1 5 bonded* along its length end the ende of the 
waveguide are reactively terminated. The 
techniques Involved In reactive terminations are 
described by J. H. Goll and R. C. Bennett in IEEE 
Ultrasonics Symposium 1 978 at page 44. 

20 In one example, the Input transducers 2 are 
phase weighted In order to achieve a bandwidth 
of 90 MHz, while maintaining a substantially 
uniform acoustic profile Into the home. The 
transducers are tuned with a single series coll (not 

25 shown). The weighting technique has been 

described byJU. F. Lewis in Electronics Letters 9 
{ 1 973) at page 1 38 and by T. W. Bristol In IEEE 
Ultrasonics Symposium (1972) at page 377. 
The gap 5 between the horn and the convolver 

30 waveguide is about one acoustic wavelength 
wide. This is a compromise between a wide gap 
in which the acoustic energy from the horn 
diverges before It passes under the convolver 
waveguide and a gap too narrow so that 

35 significant capacftatlve coupling between the 
input and output of the device occurs. 

The device as so tar descrbed will be known to 
those skilled in the art It is found however that In 
manufacturing the metallised regions of the 

40 device by processes which Involve changes in the 
temperature of the substrate, for example during 
stages of photo tonography, voltages are 
generated in adjacent metallised regions which 
tend to cause cracking and/or arcing between the 

45 metallised regions, as described earlier. The 
narrow gaps 5 between the horn and the 
convolver waveguide are particularly vulnerable In 
this respect but the same Is true to a lesser 
degree of the other gaps In the device, for 

50 example within the transducers. The problem is 
further complicated by temperature gradients 
which may be produced within the substrate 
during manufacture. 

In accordance with the present invention the 

55 metallised regions of the device 2, 4, 6 r are 
interconnected by thin strips of metallising 7, 9 
and the two rnter-dlghal regions of each input 
transducer 2 are interconnected by a thin strip of 
metallising 8, which form resistive links. The links 

60 are formed by photolithography at the same time 
as the other metallised regions of the device, ie a 
unfformaUy metallised substrate. In this 
embodiment metallised with aluminium, is 
selectively etched to form simultaneously the 
65 resistive links and the other metallised regions of 



the device. The links are thus of the same 
thickness as the latter regions, and are made as 
narrow as possible in order to maximise their 
resistance. In one example they are 3 /im wide. 

70 It should be noted that the resistive link 8 Is 
directly connected across the Input terminals of 
the device. This has little effect on the device 
performance provided the resistance of the link 8 
Is large compared with the transducer and source 

75 impedance. In one example, however, the shunt 
impedance of each transducer 2 Is about 5000 
ohms, and the 1 000 ohm links 8 were therefore 
broken once an electrical path was established In 
the external circuit The link can be broken by, for 

80 example, scratching across It, or by using 

chemical etching to dissolve, or a laser flash to 
evaporate, a small portion of the link. 

In the described example, the resistive links are 
discrete strips of metallising, eg 7, 8 and 9. 

85 Alternatively, the resistive links may be 

constituted by a substantially uniform relatively 
high-resistance coating of material, suitably 
metallising, extending between the elements 
(formed of relatively tow-resistance metallising) of 

90 the device. The latter may then be regarded as 
low-resistance "islands" in e high-resistance 
"sea". The high-resistance costing may be a 
coating of metallising deposited before the 
metallising which forms the elements. In order to 

95 Improve the adhesion of the latter, for example e 
chromium coating over which aluminium Is 
coated to form the elements. Such a device may 
be produced by first coating the substrate 
uniformly with chromium and then coating 
1 00 aluminium uniformly over the chromium. The 
aluminium is then selectively etched to form the 
elements of the device, the etcha nt being selected 
to etch the aluminium but not the chromium so 
that the chromium coating provides resistive links 
1 05 between the elements In accordance with the 
Invention. The thickness of the chromium coating 
must bB sufficiently small to prevent substantial 
impairment or degradation of the performance of 
the device by having too low a resistance. 

1 1 0 The invention has bean described In relation to 
a SAW device, but its application is not limited to 
such devices. For example It Is also applicable to 
bulk AW devices (see eg Yen et al, Proc 1 979 
IEEE Symp on Ultrasonics, pp 776 — 785} and to 

1 1 6 acousto-oprJcal or optical devices (see eg 
Abramovitz et al, 1 980 Ultrasonics Symp, pp 
483—487), and indeed to any sort of device 
which involves closely spaced metallised regions 
deposited on dielectric materials where fields 

1 20 between adjacent regions resulting from static or 
other unwanted charges can cause damage by 
arcing or otherwise. Although the metallised 
regions between which the resistfve links are 
connected will normally be the adjacent regions, 

1 25 circumstances can be envisaged in which this 
need not necessarily be so, eg regions either side 
of a third region might be interconnected by a 
resistive link to bring them to the same potential 
as the third. 
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Claims 

1 . A method of producing a device comprising 
a dielectric substrate and metallised regions 
superimposed upon the substrate constituting 

5 elements of the device, comprising forming at 
least one resistive link Joining at least two 
otherwise mutually Insulated metallised regions, 
said link being Inessential to the function of the 
device but being effective to prevent the 
1 0 establishment of a damaging electric field 
between adjacent metallised regions* 

2. A method as claimed in claim 1 wherein the 
two metallised regions are adjacent one another. 

3. A method as claimed In claim 2 wherein the 
15 links are strips of metallising. 

4v A method as claimed In claim 3 wherein the 
strips of metallising are formed at the same time 
as the two metallised regions. 

5. A method as claimed in claim 4 wherein all 
20 the metallised regions which constitute elements 
or part-elements of the device are Interconnected 
by said resistive links. 

8. A method as claimed In claim 4 wherein a 
said link is broken after an external circuit 
25 connection is made between the metallised 
regions linked thereby. 

7. A method as claimed fn claim 3 wherein the 
resitive links are constituted by a substantially 
uniform relatively high-resistance coating of 

30 material extending between the elements of the 
device. 

8. A method as claimed in claim 7 wherein the 
high-resistance coating is a coating of metallising 
deposited substantially uniformly on the substrate 

35 before the metallising which forms the elements. 

9. A method as claimed in claim 8 wherein the 
high-resistance coating is one which serves to 
improve the acftwslon of the metallising which 
forms the elements. 

40 10. A method as claimed In any preceding 
claim wherein the substrate Is selected from the 
group consisting of pyroelectrfe and piezoelectric 
substrates and substrates which are both 
pyroelectric and piezoelectric. 

45 11 . A method as claimed In claim 1 0 wherein 



the device Is an acoustic wave device. 

12. A method as claimed In claim 1 1 in which 
the device is a surface acoustic wave device. 

1 3. A method as claimed in claim 4 in which 
50 the device is a surface acoustic wave convolver 

whereof the elements comprise a pair of input 
interdigital transducers, a pair of horns which 
receive and focus the respective transducer 
outputs, and an acoustic waveguide whose 
56 opposite ends receive the respective horn 

outputs, and In which resistive links are formed at 
(east between each horn and the waveguide. » 

14. A method as claimed In claim 13 wherein 
resistive links are also formed between each horn 

60 and its adjacent Input transducer and between the 
two sets of digits of each Input transducer. 

1 5. A device comprising a dielectric substrate 
and metallised regions superimposed upon the 
substrate constituting elements of the device* 

65 when produced by a method as claimed in any of 
claims 1 — 9. 

1 6. A device comprising a dielectric substrate 
and metallised regions superimposed upon the 
substrate constituting elements of the device 

70 when produced by a method as claimed fn claim 
10. 

1 7. An acoustic wave device when made by a 
mBthod as claimed in claim 1 0. 

1 9. A surface acoustic wave device when 
75 produced by a method as claimed in claim 1 1 . 

1 9. A surface acoustic wave convolver when 
produced by a method as claimed in claim 1 3 or 
claim 1 4. 

20. A method of producing a device 

80 comprising a dielectric substrate and metallised 
regions superimposed upon the substrate forming 
elements of the device substantially as 
hereinbefore described with reference to the 
accompanying drawing. 

85 21. A device comprising a d electric substrate 
and metallised regions superimposed upon the 
substrate forming elements of the device when 
produced by a method substantially as 
hereinbefore described with reference to the 

90 accompanying drawing. 
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